Introduction {#s1}
============

Nitric oxide (NO) is synthesized from the conversion of L-arginine to L-citrulline by NO synthase (NOS) \[[@R01]\]. One of the three isoforms of NOS is inducible NOS (iNOS or NOS2), which is expressed in response to bacteria and proinflammatory stimuli and produces large amounts of NO for a longer period. NO, which is produced during host defense and immunologic reactions, is associated with nonspecific immunity \[[@R02]\]. Moreover, the nitrite and NO formed in the human oral cavity can be oxidized by salivary peroxidase \[[@R03], [@R04]\]. Therefore, salivary NO affects oxidative stress as a reactive nitrogen oxide species (RNOS). In fact, several studies have reported high salivary NO levels in the patients with rheumatoid arthritis \[[@R05]\] and chronic periodontitis \[[@R06]\]. On the other hand, other studies suggested that the circulating levels derived from reactive oxygen metabolites (d-ROM) could serve as a biomarker of inflammation and disease severity in patients with rheumatoid arthritis \[[@R07]\]. In addition, biological antioxidant potential (BAP) was reported to be an oxidative stress marker related to antioxidant capacity \[[@R08]\]. However, cross-sectional research to clarify the relationship between levels of salivary NO and oxidative stress markers (d-ROM and BAP) and past history of illness in athletes has not been conducted yet.

Competitive athletes can easily fall into poor physical condition by daily high-intensity training, which affects their performance. The relationship between immune function and exercise has been demonstrated to decrease the risk of respiratory tract infection (RTI) by continuous moderate exercise training \[[@R9]\]. By contrast, continuous intensive training increases the risk of RTI in athletes \[[@R10]\]. In addition, even a single physical exercise produces reactive oxygen species (ROS) that results in oxidative stress. A previous report indicated that in exhaustive and prolonged exercise, ROS production was more elevated, which was associated with a higher degree of oxidative stress \[[@R11]\]. Therefore, management of physical condition, including suppression of immune function, is an essential part of fulfilling performance in athletes. Recently, salivary NO has been suggested as an index of training intensity \[[@R12]\]. Several studies have investigated the relationship between exercise and salivary NO levels \[[@R02], [@R12], [@R13]\], but only few studies have examined salivary NO levels in athletes. To use salivary NO level as a physical condition marker, the characteristics of the levels of salivary NO and oxidative stress markers in athletes must first be clarified in a large-scale cross-sectional study.

Thus, the aims of this study were, firstly to investigate the relationship between levels of salivary NO and oxidative stress markers (d-ROM and BAP); and secondly, to examine the association if any with salivary NO levels and existing diseases from past medical records in elite undergraduate athletes of public university in Japan. To achieve these aims, this research was designed as a large-scale cross-sectional study.

Materials and Methods {#s2}
=====================

Participants {#s2a}
------------

A total of 250 elite undergraduate athletes belonging to the faculty of health and sports science, University of Tsukuba, Ibaraki, Japan volunteered to participate in this cross-sectional study ([Table 1](#T1){ref-type="table"}), including 151 men and 99 women. Elite athletes were defined in this study as those who have participated in national competitions and/or have a representative experience. The details of the athletes who participated in this study have been shown in [Table 2](#T2){ref-type="table"}. This study was approved by the ethical committees of the Faculty of Health and Sport Sciences of the University of Tsukuba (Tai 28-25). The study was conducted in accordance with the principles outlined in the Declaration of Helsinki, and all the participants provided written informed consent before inclusion in the study.

###### Characteristics of the Study Subjects and the Sex-Related Differences

  Variable                      Total (n = 250)   Males (n = 151)   Females (n = 99)   P
  ----------------------------- ----------------- ----------------- ------------------ -------
  Age (years)                   20 ± 1            20 ± 1            20 ± 1             0.53
  Experiences (years)           11 ± 3            11 ± 3            11 ± 3             0.292
  Height (cm)                   171 ± 9           175 ± 6           164 ± 7^\*^        0.000
  Weight (kg)                   66 ± 11           71 ± 10           59 ± 7^\*^         0.000
  Body mass index (kg/m^2^)     22 ± 3            22 ± 3            22 ± 2^\*^         0.014
  Body fat mass (kg)            13 ± 14           14 ± 18           13 ± 5^\*^         0.000
  Skeletal muscle mass (kg)     31 ± 6            34 ± 4            26 ± 3^\*^         0.000
  Fat free mass (kg)            54 ± 10           60 ± 8            46 ± 6^\*^         0.000
  Percent body fat (%)          16 ± 6            12 ± 4            21 ± 4^\*^         0.000
  Salivary NO levels (µmol/L)   380 ± 198         383 ± 210         376 ± 179          0.821
  Salivary flow rate (mL/min)   0.662 ± 0.273     0.647 ± 0.277     0.685 ± 0.265      0.103
  d-ROM test (U.CARR)           278 ± 43          271 ± 42          289 ± 42^\*^       0.001
  BAP test (µmol/L)             2,136 ± 189       2,154 ± 143       2,108 ± 241^\*^    0.027
  d-ROM / BAP ratio             7.86 ± 1.34       8.13 ± 1.27       7.44 ± 1.34^\*^    0.000
  Fatigue scale (mm)            40 ± 21           37 ± 22           45 ± 18^\*^        0.003
  Performance scale (mm)        53 ± 19           56 ± 19           48 ± 18^\*^        0.001

Data are shown as the mean ± SD of the mean. \*P \< 0.05, versus males. NO: nitric oxide; d-ROM: derived reactive oxygen metabolites; BAP: biological antioxidant potential.

###### Salivary NO Levels of the Subjects for Each Sport Sub-Groups

  Athletic events                      Males      Females
  ------------------------------------ ---------- ----------
  Football (T = 32; M = 25, F = 7)     448 ± 48   337 ± 73
  Handball (T = 25; M = 13, F = 12)    277 ± 31   433 ± 53
  Basketball (T = 10; M = 0, F = 10)   No data    327 ± 49
  Volleyball (T = 22; M = 13, F = 9)   384 ± 65   346 ± 59
  Athletics (T = 73; M = 47, F = 26)   400 ± 34   379 ± 40
  Kendo (T = 18; M = 8, F = 10)        221 ± 22   421 ± 45
  Judo (T = 17; M = 12, F = 5)         355 ± 38   276 ± 83
  Aquatics (T = 33; M = 23, F = 10)    448 ± 39   406 ± 57
  Tennis (T = 10; M = 3, F = 7)        249 ± 17   377 ± 73
  Badminton (T = 10; M = 7, F =3)      312 ± 73   370 ± 78

Data are shown as the mean ­± SD of the mean and expressed in µmol/L. T: the numbers of total athletes; M: the numbers of male athletes; F: the numbers of female athletes. Athletics including jump, sprint, middle, long and combined. Aquatics include swimming and water polo.

Procedures {#s2b}
----------

The participants were instructed to avoid intensive exercise for at least 24 h before the measurements. The participants fasted overnight for 10 h, which included suppression of caffeine consumption (allowing only caffeine-free drinks), alcohol drinking, and smoking. All measurements were conducted in a laboratory that was maintained at 24 - 26 °C.

Questionnaire {#s2c}
-------------

The participants completed the diseases questionnaire, which included the fatigue at that time and the performance over the past week, and responses were assessed using the visual analog scale (VAS). The response to each question pertaining to the athlete's condition was evaluated on the 100-mm line of the VAS. In the questionnaire, the subjects described their past medical history and present illnesses, current medication, caffeine intake, dinner time before, and so on.

Anthropometric parameters {#s2d}
-------------------------

Anthropometric measurements were performed with the participants barefoot and wearing only light clothing. Body weight, body fat mass, skeletal muscle mass, fat-free mass, and percent body fat were measured using a body composition and body water analyzer (Inbody 770, Inbody, Seoul, Korea). To calculate the body mass index (BMI), weight (kg) was divided by the height squared (m^2^).

Salivary NO levels evaluation {#s2e}
-----------------------------

Saliva samples were obtained in accordance with method previously described by Akimoto et al \[[@R14]\], for measurement of salivary NO levels and saliva flow rate (saliva volume). The nitrate concentration as salivary NO level was assessed using a NO detection kit (ADI-917-010, Enzo, NY, USA) with a colorimetric assay, in accordance with the manufacturer's instructions. All the samples were assayed in duplicate, and the mean absorbance value was used as the representative values. Salivary NO levels were expressed in µmol/L.

d-ROMs and BAP measurements {#s2f}
---------------------------

Blood samples were obtained for measuring oxidative stress markers (d-ROM and BAP) from a fingertip into a 300-µL micro tube (DI-002-06, Wismerll, Tokyo, Japan) by using a lancet (DI-003b,Wismerll, Tokyo, Japan). Plasma levels of oxidative stress markers (d-ROM and BAP) were measured with a free radical analyzer (Free Carrio Duo, Diacron International srl, Grosseto, Italy)in accordance with the method previously described \[[@R15]\]. The results for d-ROM were expressed in Caratelli units (U.CARR), where 1 U.CARR is equivalent to 0.08 mg/dL of H~2~O~2~. The results for BAP were expressed in µmol/L. BAP/d-ROM ratio was also measured for evaluation of serum oxidant-antioxidant balance \[[@R16], [@R17]\].

Statistical analyses {#s2g}
--------------------

Statistical analyses were performed using SPSS Statistics 25.0 for Macintosh (IBM, Tokyo, Japan). The Shapiro-Wilk test was used to evaluate the normality of regression. In [Table 1](#T1){ref-type="table"}, the variables are expressed as mean ± SD. The Mann-Whitney U test was used to identify sex-related differences in the participants' characteristics. In [Figure 1](#F1){ref-type="fig"}, the Spearman's rank correlation coefficients (r~s~) were used to express linear correlations between the variables. In [Figure 2](#F2){ref-type="fig"}, data are expressed as mean ± SE. The Mann-Whitney U test was used to compare the two groups. In [Figure 3](#F3){ref-type="fig"}, to assess the reliability of salivary NO levels as a prognostic variable by using receiver-operating characteristic (ROC) curves, we calculated the sensitivities and specificities in predicting asthma at cut-off values. In all the tests, a value of P \< 0.05 was considered to indicate a statically significant difference.

![Univariate correlations between the levels of salivary NO and d-ROM (a) and BAP (b). NO: nitric oxide; d-ROM: derived reactive oxygen metabolites; BAP: biological antioxidant potential.](jocmr-11-114-g001){#F1}

![Salivary NO levels in the asthma (black) and non-asthma groups (White). Data are presented as mean ± SE of the mean. NO: nitric oxide.](jocmr-11-114-g002){#F2}

![Receiver-operating characteristic (ROC) curve analysis of the validation data. The ROC curve of the salivary NO level is higher for asthma. The sensitivity, specificity, AUC value, and cut-off salivary NO levels are shown. NO: nitric oxide; AUC: area under the curve.](jocmr-11-114-g003){#F3}

Results {#s3}
=======

The subjects' characteristics and the sex-related differences between the two groups (men and women) in this cross-sectional study are presented in [Table 1](#T1){ref-type="table"}. Significant sex-related differences in height, weight, BMI, body fat mass, skeletal muscle mass, fat-free mass, percent body fat, d-ROM, BAP, d-ROM/BAP ratio, fatigue scale, and performance scale were found.

[Figure 4](#F4){ref-type="fig"} presents a histogram of the salivary NO levels of the elite university level athletes. The salivary NO levels of athletes were the most frequent in the range of 201 - 300 µmol/L. The number of athletes gradually decreased having salivary NO levels from the range of more than 400 µmol/L or more. The mean salivary NO levels of the subjects for each sport are presented in [Table 2](#T2){ref-type="table"}. The results of disease/illness/health problems existing in study athletes investigation using the questionnaire have been demonstrated in [Table 3](#T3){ref-type="table"}. Most of the athletes in this study were healthy university students without any remarkable health problem. Twenty-six athletes (the number of total study subjects) responded that they had been diagnosed having health disorder in the past and/or present by physicians. Among them, 18 athletes (the number of study athletes having medical disorders) were found to have allergic diseases including asthma, food allergy, drug allergy, rhinitis, and dermatitis. On the other hand, eight athletes had non-allergy diseases such as anemia, arrhythmia, pneumonia, and gastroenteritis. These athletes had not another disease.

![Histogram of the salivary NO levels of the athletes. NO: nitric oxide.](jocmr-11-114-g004){#F4}

###### Detailed Information of Medical/Health Disorders Existing in Study Subjects

  Disease                n = 26   Current symptoms   Medication   
  ---------------------- -------- ------------------ ------------ -------
  Asthma                 n = 9    n = 1              n = 8        n = 1
  Food and Drug          n = 3    n = 1              n = 2        n = 0
  Rhinitis               n = 3    n = 3              n = 0        n = 2
  Dermatitis             n = 3    n = 3              n = 0        n = 1
  Non-allergy diseases   n = 8    n = 2              n = 6        n = 2

Non-allergy diseases: anemia, arrhythmia, pneumonia, and gastroenteritis, etc.

The univariate associations between the salivary NO levels and the parameters related to oxidative stress are presented in [Figure 1](#F1){ref-type="fig"}. The salivary NO levels were not significantly associated with the levels of both d-ROM (r~s~ = -0.054; P = 0.393; [Fig. 1a](#F1){ref-type="fig"}) and BAP (r~s~ = 0.073; P = 0.251; [Fig. 1b](#F1){ref-type="fig"}). And, the salivary NO levels were not significantly associated with the daily practice time of both high intensity exercise (r~s~ = 0.065; P = 0.305) and moderate intensity exercise (r~s~ = -0.041; P = 0.532) and were not significantly correlated with the subjective condition markers of both fatigue (r~s~ = 0.004; P = 0.951) and performance (r~s~ = -0.030; P = 0.637).

The difference between the two groups according to asthma history is shown in [Figure 2](#F2){ref-type="fig"}. Salivary NO levels were significantly higher (P \< 0.05) in the group with asthma (n = 9; 510 ± 43 µmol/L) than in the group without asthma (n = 241; 375 ± 13 µmol/L). However, d-ROM values were not significantly different (P = 0.367) between the asthma (285 ± 6 U.CARR) and non-asthma athletes groups (278 ± 3 U.CARR). [Figure 3](#F3){ref-type="fig"} presents the ROC curves to determine the best cut-off value of salivary NO for asthma. The optimal cut-off value (P = 0.019) of the salivary NO for predicting asthma was 425 µmol/L, with a sensitivity of 88.9% and specificity of 61.8% (area under the curve (AUC), 0.73).

Discussion {#s4}
==========

This study aimed to clarify the characteristics of salivary NO levels in elite athletes of undergraduate program of Japanese public university, focusing on the relationship between levels of salivary NO and oxidative stress markers (d-ROM and BAP), and various existing diseases/health disorders. In this large-scale cross-sectional study, salivary NO levels were not significantly associated with the levels of oxidative stress markers such as d-ROM and BAP. The salivary NO levels were significantly higher in the group with asthma history. From this finding, the cut-off value of salivary NO for predicting asthma was calculated to be 425 µmol/L.

Although salivary NO levels have been reported to be related to oxidative stress \[[@R03], [@R04]\], no association was found with the levels of oxidative stress markers (d-ROM and BAP) in this cross-sectional study. In previous studies on the relationship between levels of d-ROM and oral inflammation \[[@R18], [@R19]\], patients with periodontitis had higher d-ROM values than control subjects \[[@R19]\]. The mean d-ROM level of the elite athletes in this study was lower than the reference value of 300 U.CARR, which means that oxidative stress was low. Hence, among the subjects with low oxidative stress, the relationship between the levels of oxidative stress markers and salivary NO may be difficult to confirm owing to the small individual differences in this cross-sectional study. Athletes of different ages with age-matched non-athletes should be compared in depth. If individual differences in oxidative stress are greater, the relationship between salivary NO levels and oxidative stress will be more apparent and evident. On the other hand, in this study, we only examined the cross-sectional relationship of salivary NO levels and oxidative stress. It is also necessary to examine the relationship between salivary NO levels and oxidative stress exploiting longitudinal study design.

In several studies, the response of salivary NO levels to exercise in athletes has been reported \[[@R02], [@R20]\], while such investigation has not been done in cross-sectional study design in athletes performing high-intensity exercise. Further, there are no studies to date reporting the distribution of salivary NO levels based on concentration on salivary NO levels in elite class Japanese university athletes. This is the first study to clarify the histogram of athletes' salivary NO levels in a large-scale cross-sectional study. This finding will contribute to establish the athlete's salivary NO standard/reference levels in Japanese athletes. Additionally, the relationship between salivary NO levels and various medical problems/diseases existing in Japanese elite athletes was unknown. Although the majority of current study subjects were healthy, but 18 athletes had allergic disorders evident from their medical history. Among them, the most confirmed allergic disorder was bronchial asthma (nine athletes). Of note, the number of study athletes having other allergic disorders was not statistically enough to be analyzed. Therefore, we focused on the details history of asthma and sub-analysis was done on the asthma group. We found that the athletes with asthma had higher salivary NO levels than the athletes without asthma. In patients with asthma, exhaled NO (FeNO) level has been used as an indicator of airway inflammatory process \[[@R21]\]. FeNO was reported to be derived from iNOS as well as salivary NO \[[@R22]\]. Furthermore, iNOS expression increases inflammatory salivary gland secretions \[[@R23]\]. Thus, salivary NO level also has the possibility of reflecting airway inflammation, including asthma, and FeNO. Whereas FeNO has clear reference values for airway inflammation \[[@R21]\], while salivary NO has no reference values for diseases. Hence, in this study, the cut-off value of salivary NO for predicting asthma was calculated using the ROC curve. As a result, we found that 425µmol/L is the cut-off value for predicting asthma in this study. In the histogram of salivary NO levels, the frequency steadily decreases from \> 400 µmol/L. The sensitivity (88.9%) at the cut-off value was higher than the specificity (61.8%), which means that although the risk of failure to notice asthma is low, the high possibility of considering a non-asthmatic patient as an asthmatic patient must be kept in mind. On the other hand, the levels of d-ROM in asthma were associated with the degree of airway obstruction \[[@R24]\]. However, the levels of d-ROM in this study were not associated with asthma. Salivary NO levels could possibly identify asthmatic patients overlooked when d-ROM value was used. Therefore, at present, combining levels of salivary NO and FeNO as an index of asthma compensates for the low specificity.

In addition, the significant sex-related differences were observed in the various measurements in this study ([Table 1](#T1){ref-type="table"}). Both oxidative stress markers (d-ROM, BAP, and d-ROM/BAP ratio) and subjective indicators (fatigue and performance) significantly differed by sex. The male athletes had better d-ROM/BAP ratio, less subjective fatigue, and higher subjective performance than the female athletes. The sex-related difference in oxidative stress should consider the effect of menstruation, a physiological phenomenon peculiar to women. In other words, sex hormones may have affected this sex-related difference. Estrogen, as sex hormones, has been reported to have an antioxidant activity \[[@R25]\]. During the menstrual cycle, the estrogen level is low value in the menstrual phase \[[@R26]\]. Athletic performance is influenced by symptoms occurring before menstruation \[[@R27], [@R28]\]. Thus, the reason for the higher levels of oxidative stress markers (d-ROM, BAP, and d-ROM/BAP ratio) and subjective markers (fatigue and performance) in the female athletes than in the male athletes might be because most of the female athletes were in the menstrual phase. However, the levels of sex hormones such as estrogen could not be measured in this study to determine the menstrual phase. In further research, the menstrual cycle in female athletes must be identified and the differences in menstrual phase in female athletes and oxidative stress markers between the sexes must be examined.

Limitations {#s4a}
-----------

One of the potential study limitations to be mentioned is the absence of non-athlete study group in the current research design which prevented us from performing many sub-analyses on the characteristics of salivary NO levels in elite class university athletes in Japan. Additionally, the present study has other several noteworthy limitations as follows: 1) The age range was limited to the undergraduate university program level; 2) A longitudinal study was not conducted on the relationship between asthma and salivary NO levels; 3) The mechanisms underlying the response of salivary NO level to respiratory inflammation were not investigated; 4) The oxidative stress markers used to examine the relationship with salivary NO levels in this study were only d-ROM and BAP; 5) We could not measure the levels of sex hormones such as estrogen for gender based interpretation; and 6) Finally training information was collected and evaluated only through questionnaire method. A longitudinal study with a larger sample size, including other age groups, to establish the usefulness of salivary NO level as a disease marker and experimental basic research to identify the mechanism of salivary NO for asthma is highly required and warranted in future.

Conclusions {#s4b}
-----------

In this large-scale cross-sectional study, the salivary NO levels were not associated with the levels of d-ROM and BAP, which are oxidative stress markers in Japanese university undergraduate level elite athletes. On the other hand, bronchial asthma was the most prevalent medical disorder in this studied population and the salivary NO levels were higher in the group with asthma than in comparison to non-asthma group. The current findings indicate that salivary NO levels may be a marker that potentially reflects/predicts asthma in Japanese young elite athletes in a hope to establish salivary NO level as a respiratory tract condition marker in athletes.
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